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Abstract
University campuses are the origins and destinations of a variety of trips generated by
faculty, staff, students, and visitors. The vast number of trips that are attracted to university
campuses result in parking congestion issues. In order to manage campus parking demand,
universities establish Transportation and Parking Offices (TPO). This research has developed a
two-stage procedure that can be used by TPOs as a tool for determining faculty and staff parking
permit prices on university campuses.
The first stage of the procedure is the determination of a single campus-wide base price
(which may be regarded as the reference price or typical price) for all the faculty and staff parking
permits. To estimate the base price, a Faculty and Staff Base Price (FSBP) model has been
developed using the demographic, campus characteristics and climate data from 213 university
campuses across the United States. The FSBP model developed using the Tobit regression
technique is a linear function of the city’s population, average Fall temperature, in-state tuition
fee, employee number, and the campus population density. The FSBP model suggests a base price
(in $ per year) that is benchmarked against the base prices at other university campuses. The
suggested base price is used as an input to the second step in the procedure.
The second stage of the procedure not only estimates different parking permit prices for
faculty and staff at the different parking zones on campus, it also provides, for the same zone,
different permit prices for faculty and staff. A methodology has been proposed that uses the
concept of last-mile walking time, the value of time, as well as the median salaries of faculty and
staff as inputs. This methodology first estimates the base prices of faculty and staff, respectively,
based on the FSBP’s model estimate in stage 1, the number of faculty and staff employed on the
campus and their median annual salaries. The concept of Value of Parking Access (VoPA, in $ per
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year) is introduced. The VoPA assumes that the sum of the price of a parking permit (the
willingness to pay) and the Value of Walking Time (VoWT) is a constant value across all parking
zones on a campus. The VoWT from a parking zone to a faculty or staff office may be estimated
from the walking distance, the value of time that is related to the median salary and the number of
on-campus working days in a year. The base prices are used to calibrate the VoPAs for faculty and
staff, respectively. Knowing the faculty and staff’s VoPAs (which is a campus-wide constant) and
VoWT for each zone, the permit prices for faculty and staff for the parking zone may be
determined.
The two-stage procedure has been applied to a case study that used The University of Texas
at El Paso as the site. This two-step procedure not only provides a rational approach in the
determination of parking permit prices, it also recommends different prices for faculty and staff
for the same zone.
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Chapter 1 - Introduction
1.1 BACKGROUND
All the vehicle trips begin and conclude by parking at the trip origins and destinations.
Parking facilities are important components in land development projects due to the amount of
parking area needed to meet parking demand as well as the construction costs generated.
According to the American Automobile Association (AAA, 2017), a vehicle spent an average of
48.2 minutes/day traveling on roadways. This means that the remainder of the day the vehicle is
parked in a stall. This average parking time accounts for approximately 96.7% of the day. For this
reason, parking facility is a key component of transportation infrastructure.
University campuses are large trip generators due to the large number of students, faculty
and staff who travel to and from the campus every day. A major consequence of having a large
amount of trips end or start at a university campus is the high demand for parking on campus.
Large universities have an enrollment of at least 10,000 students plus several thousand faculty and
staff members (Gurbuz et al 2020). Therefore, the universities have established policies to manage
their parking facilities. These policies include setting up Transportation and Parking Offices
(TPOs) which are responsible for grouping parking facilities into zones, deciding the structure
(user and permit types) and levels (fees) of parking, and etc. A typical university has four main
types of users: students, faculty, staff, and visitors (Shoup, 2005). These users travel to the
university for different purposes and at different times of the day and arrival rates. Students form
the largest group of parking users due to the high student enrollment when compared to other types
of users. Previous studies with a focus on university parking have been conducted by Gurbuz and
Cheu (2020), Gurbuz et al. (2020), which focused on student parking. These two studies more
specifically focused on exploring the demand characteristics for parking permits and developing a

1

base price model for students. However, this project focused the attention to faculty and staff
parking on university campuses.
For parking on university campuses, most TPOs consider faculty and staff members as
employees, one category of users when it comes to selling and issuing parking permits. This
approach; however, fails to correctly represent the affordability and parking needs between faculty
and staff. Staff typically is expected to follow fixed work schedules from Monday to Friday from
8:00 a.m. to 5:00 p.m. whereas faculty’s office hours are flexible and mainly expected to be present
on campus during scheduled class times. Another key point considered in this study is that
distributions of annual salaries earned by faculty and staff are different and will result in different
affordability’s by faculty and staff employees.

1.2 OBJECTIVE
The objective of this research was to develop a procedure for the determination of faculty
and staff parking permit prices on university campuses. The recommended prices must fulfill two
conditions: (1) the parking permit prices for a zone must be based on the proximity to the
workplaces of potential users; (2) the faculty and staff pay different prices for their permits to park
in the same zone.
To develop these methodologies, two research questions were addressed:
1. What is the single base price for faculty and staff parking permits on a campus? The base price
is the reference or typical annual permit price for all employees (faculty and staff members)
that is benchmarked against the same price at other universities.
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2. What should be the annual permit prices for faculty and staff parking permits in each zone,
taking into consideration the faculty and staff salaries, and the proximity of the zone to their
workplaces?
The first research question will be answered in Chapter 4 by developing a base price model
called Faculty and Staff Base Price (FSBP) model. Research question 2 will be answered in
Chapter 5 by developing a zone-specific pricing methodology. The FSBP model developed in
Chapter 4 will be used to develop the zone-specific pricing methodology in Chapter 5.

1.3 OUTLINE OF THESIS
This thesis is organized as follows. After this introduction that defines the research
background and objectives, Chapter 2 describes the findings obtained through the literature review.
Following this is Chapter 3 which presents the research plan in order to answer the research
questions and reach the project objectives. Chapters 4 and 5 are the most important chapters of this
thesis as they will present the research findings and results. These two chapters describe the steps
taken to develop both the FSBP model and the zone-specific pricing methodology. Chapter 6
concludes this thesis by highlighting the findings, contributions, potential impacts, limitations, as
well as future directions of this research.
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Chapter 2 – Literature Review
2.1 FACULTY AND STAFF PARKING
There are more than 300 universities in the United States with enrollments of more than
10,000 full-time equivalent students (NCES, 2017). These universities also have a somewhat large
number of faculty and staff compared to universities with smaller enrollments. Universities with a
larger enrollment are more likely to have a student, faculty, and staff parking demand that exceeds
the parking capacity. Data collected from universities with enrollments of at least 10,000 were
used in this thesis. A university’s parking facilities cater to the demand of four types of users:
students, faculty, staff and visitors. Faculty and staff are also referred to as employees by
universities. Although the number employees is still smaller than the student population, they are
usually allowed (some even exclusively) to park at spaces near their workplaces on campus in
exchange of higher permit fees; whereas students are always asked to park further away in order
to pay lower prices. Gurbuz et al. (2022) states that students generally follow their class schedule
to drive to campus and park in the selected parking zone, meaning students have a variety of arrival
times. The trip characteristics of faculty and staff on campus and their parking patterns have been
discussed by Gurbuz et al. (2020). Most of the staff follow a fixed work schedule between 8:00
a.m. to 5:00 p.m. on weekdays. The arrival and departure times of faculty members on campus are
harder to predict. Faculty members tend to have flexible hours outside of their scheduled class
times. The different travel behavior described above suggests that the parking demand for faculty
and staff should be analyzed independently as two separate types of users.
A review by Cheu and Ruiz (2021) concluded that the locational distribution of parking
facilities in university campuses generally follow two designs. In the first design, called singlecore layout, the parking facilities are sited in several rings that form concentrate circles with the
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campus core as the center. The parking facilities for faculty and staff members are located at the
inner rings while parking facilities for students are at the outer rings. The permit fees are priced by
the type of users and the distance of the parking facilities from the campus core. The second design,
called multi-core layout, has several clusters of buildings in different areas. Each cluster of
buildings appears like a small core, with parking facilities built around it. Faculty and staff
members park next to the cluster while students parking further from the cluster. The differences
from the single-core design are: (1) multi-core campuses have fewer types of parking permits; and
(2) multi-core campuses have fewer rings around each cluster. (3) Cheu et al. (2021) also
concluded that most of the universities: (a) charge all the employees (i.e., faculty and staff) the
same permit fee for the same parking zone; (b) the permits are sold through online portals; (c)
follow the trend for university to shift from using decals or hang tags as parking permits to license
plate recognition technology.

2.2 BASE PRICE AND ZONING-SPECIFIC PRICING FOR STUDENTS
Gurbuz et al. (2020) presented a pair of equations with an iterative procedure to solve for
the student parking demand and base price of student parking permits on a campus. Denote
students as a type of parking facility users by subscript 𝑎. The demand equation is a Beta regression
model of the form:

𝐷 =

X𝜷

(2. 1)

X𝜷

𝑿𝜷 = 0.019𝑋 − 0.00000915𝑋 − 1.349𝑋 + 3.134𝑋 − 0.002𝐵
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(2. 2)

where 𝐷 is the fraction of student population expected to purchase parking permits, 𝐗 is the row
vector of the input values and 𝛃 is the column vector of the coefficients. The independent variables
in X are: the average fall temperature (𝑋 , in F), in-state tuition fee (𝑋 , in $/year), proportion of
undergraduate students (𝑋 ), proportion of part-time students (𝑋 ) and the base price of student
parking permit (𝐵 , in $/permit/year). The base price may be viewed the reference price of parking
permits across the campus:

𝐵𝑃 = 154.71 𝑋 + 2.98 𝑋 − 293.08 𝑋 + 2187.71 𝑋 − 516.81 𝐷

(2. 3)

The independent variables for the base price are campus setting (𝑋 ), cost of living (𝑋 , in $/day),
proportion of undergraduate students (𝑋 ), faculty/student ratio (𝑋 ), and proportion of students
who purchased permits (𝐷 ). As can be seen, 𝐷 = 𝑓(𝐵𝑃 ) and 𝐵𝑃 = 𝑓(𝐷 ). The equilibrium
solutions of (𝐷 , 𝐵𝑃 ) may be found by solving Equations (2.2) and (2.3) iteratively.
Gurbuz and Cheu (2021) used the 𝐵𝑃 estimated by Equation (2.3) as the starting point to
determine the student annual permit price at each students parking zone. The Annual Permit Price
for zone 𝑧, denoted by 𝑃𝑃 , were set to be above or below 𝐵𝑃 depending on 𝑇 , the walking time
from the zone to the centroid of the campus, such that 𝐵𝑃 is equivalent to the median 𝑃𝑃 , of all
the zones. The zone that has the 𝑃𝑃 equal or closest to 𝐵𝑃 is named the base zone, denoted by 𝑧̃
in this paper. A zone 𝑧 that is near to the centroid of a campus than the base zone 𝑧̃ is relatively
more convenient, has shorter walking distance to the centroid and therefore its 𝑃𝑃 , > 𝑃𝑃 , . The
equation of 𝑃𝑃 , , used by Gurbuz and Cheu (2021), may be expressed the as:

𝑃𝑃 , = 𝑃𝑃

,

+ (𝑇 − 𝑇 ) (𝑉𝑜𝑇 ) 𝑛

(2. 4)

,
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where 𝑇 is the walking time (in minutes/trip) from zone 𝑧 to the centroid of the campus, 𝑉𝑜𝑇 is
the Value of Time of students (in $/hour), 𝑛

,

is the number of days a student will drive to the

campus to park (in days/year), and the factor 2 (trips/day) is to account one round trip per day. For
each zone, the walking time to the centroid of the campus is used in the calculation because of the
lack of information on the final destinations of the students and multiple locations that students
move throughout the year.

2.3 PARKING LOCATION DECISIONS
A survey (Gurbuz and Cheu, 2020) conducted in a university campus on parking location
choices of 1022 students. The respondents were asked to select and rank the three most important
parking location decision factors. Among the most important decision factors, sixty five percent
(65%) selected the cost of permit and 19% selected the walking distance from the parked vehicle
to the destination. Among the second most important decision factors, 16% were the cost of permit
and 20% were the walking distance from the parked vehicle to the destination. A similar survey
(Ruiz, 2021) also found that, among the decision factors presented to the 363 respondents, 75%
answered that the cost of permit was a very important factor and 69% of answered that the lastmile travel time was a very important factor. Shoup (2018) suggested that the campus parking fee
structure is like that of airports, where the parking fee depends on the proximity to the air
passenger terminals. In this research, the author assumed that the two most important factors in
parking location decision for university employees are same as students: permit fee and walking
time to the destination. Shoup (2018) suggested that a person may opt to pay a higher permit fee
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to park in a facility that saves walking time. Conversely, a person may not mind walking a longer
time (or distance) to save parking fee.

2.4 VALUE OF TIME
The Value of Time (VoT) is a factor that converts time into an equivalent monetary value.
The USDOT (2016) recommended that, the VoT for local personal trips is 50% of the median
household income. This VoT was derived from the 50% of the national median household income
of $56,516 in 2015, divided by 2080 working hours in a year. This VoT is equivalent to
$14.67/hour in 2020 after considering inflation. In this research, the VoT is an important factor
that converts walking time into the Value of Walking Time (VoWT).
The value of time is not always necessarily 50% of the median income but is often adjusted
based on local conditions. To calculate the VoT, the relationship between the annual income of
the employee and the total working hours in a year was multiplied by a coefficient, 𝑐. The USDOT
(2016) recommended that depending on the trip purpose, 0.3 ≤ 𝑐 ≤ 0.6, with lower value towards
personal trips and higher value for business trips. This research utilized a 𝑐 = 0.6. This value was
calculated by using the USDOT’s equation (USDOT, 2016):

𝑉𝑜𝑇 =

( )×(
(

)

(2.5)

)×

𝑉𝑜𝑇 = value of time for employee type 𝑒 ($/minute)
𝑐 = coefficient used to convert median yearly salary to VoT for business travel
𝑀𝑆 = median salary in $/year
𝐻 = hours worked yearly
8

Chapter 3 – Research Plan
3.1 RESEARCH QUESTIONS
This thesis addressed the following two research questions.
1. What is the single base price for faculty and staff parking permits on a campus? The base price
is the reference or typical annual permit price for all employees (faculty and staff members)
that is benchmarked against the same price at other universities.
2. What should be the annual permit prices for faculty and staff parking permits in each parking
zone, taking into consideration the faculty and staff salaries, and the proximity of the parking
zone to their workplaces?
3.2 WORK PLAN
To answer the research questions, a detailed work plan was developed as seen in Figure
3.1. This work plan consists of four primary tasks that are explained in detail in this subsection.

Figure 3.1 Research Plan
9

3.2.1 Task 1 - Collect Campus Characteristics and Demographic Data
The purpose of Task 1 was to collect information from publicly available resources across
the United States to develop a base price model for university campuses. The base price model
predicts the base price (reference price or typical price) of all faculty and staff parking permits on
a campus as a function of the campus characteristics. The university campuses chosen for this
research had an enrollment of 10,000 students or more. The data gathered identified several
university characteristics such as campus land-use, demographic, economic, and climate data.
Some of the variables were the same as those used by Gurbuz et al. (2020) but were updated to the
values in Academic Year 2018-19.

3.2.2 Task 2 - Develop Faculty and Staff Base Price Model
Using the data collected in Task 1, the Faculty and Staff Base Price (FSBP) model is
developed to predict the annual base price of faculty and staff parking permits. This FSBP model
is developed by statistically analyzing the campus characteristic variables and using Tobit
regression to estimate the linear relationship between the base price and all other variables. The
data from the 213 universities was randomly assigned to two data sets, Dataset T which was used
for the model development and Dataset V which was used for validation of the model. The Tobit
regression was applied to Dataset T to fit a FSBP model. The fitted FSBP model was then tested
with Dataset V.
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3.2.3 Task 3 - Develop Zone-Specific Pricing Methodology
The focus of this task is the development of the zone-specific pricing methodology. This
methodology assumes that the Value of Parking Access (VoPA) is the sum of the parking permit
price and Value of Walking Time (VoWT). The methodology consists of the following steps:
i.

Estimate the base price for faculty and staff, respectively, from the campus-wide base price.

ii.

Identify the zones where faculty and staff members working in each building are likely to
park.

iii.

Estimate the Last-Mile Travel Times (LMTT) by using walking as the mode of travel from
the parking zones to the final destinations on campus.

iv.

Convert the last-mile travel times to VoWT for faculty and staff by using the different
VoTs for faculty and staff respectively.

v.

Use the base prices of faculty and staff to calibrate the VoPAs for faculty and staff.

vi.

For each parking zone, determine the zone-specific annual faculty and staff parking
provisional permit prices.

vii.

Adjustments of provisional permit prices to annual permit prices.

3.2.4 Task 4 - Apply Zone-Specific Pricing Methodology to a Case Study
Task 4 describes the application of the developed two-stage methodology: the FSBP model
in stage 1 and the zone-specific pricing methodology in stage 2 in a case study. The University of
Texas at El Paso (UTEP) has been selected as the case study site. The results of this case study are
presented in Chapter 5.
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Chapter 4 – Faculty and Staff Base Price Model
4.1 INTRODUCTION
This chapter describes the data gathering and approach used to develop the FSBP model
that predicts the reference or typical parking price for a 12-month permit designated to faculty and
staff. The FSBP model generated through this research is the product of analyzing the campus
characteristics and demographic data collected from 213 universities through correlations and
Tobit regression.

4.2 UNIVERSITY DATA
The basis of the data collection for this task was the initial 310 universities used by Gurbuz
et al. (2010) for their student permit pricing model. The 310 universities that were chosen were
universities located in the United States and had full-time enrollment of 10,000 students or more.
However, as promising as this number of qualifying universities was for data gathering, a major
issue was that many universities did not publish the faculty and staff parking fees publicly. This
decreased the original number of qualifying universities from 310 to 220. University information
involving demographics, land-use, economic characteristics, and environmental data were found
on the Internet through publicly available websites. Table 4.1 below summarizes the different
variables and the respective sources which are the same in some cases as in Gurbuz et al. (2020).
However, the data for this research was updated to the most current academic year available,
Academic Year 2018-2019. After updating the data, 220 universities had the complete set of
characteristic values needed for the development of a base price model. After further analysis of
the data gathered for the 220 universities, this number was reduced to 213 universities since seven
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universities offered free parking for employees and could not be used to support the model
development.
All the data was obtained from five primary sources also listed in Table 4.1.


University: The university websites, especially the parking websites and facts-and-figure
pages, have information on the permit fees for faculty and staff, and the land area of the
campus.



Common Data Set: The Common Data Set (CDS) contains standard variables each
university must report every year to the National Center for Education Statistics, under the
U.S. Department of Education. Among the attributes is the type of university
(public/private), campus setting (urban/suburban), number of rainy days, in-state tuition,
enrollment, number of faculty, and number of staff. The CDS is available for download on
each university’s website.



The U.S. Census Bureau: The U.S. Census Bureau (Census, 2021) has the latest estimate
of the city population.



General Service Administration (GSA): The cost of living while attending a university is
approximated by the GSA’s per diem rate (hotel and meals) (GSA, 2021).



Weather.com: The website weather.com provided the number of days with precipitation
and the average fall temperature.
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Table 4.1 Description of Variables in the Base Price Model
Variable
𝑌
𝑋

𝑋
𝑋
𝑋

Name and unit

Description
The median price among the different types of faculty/staff
Median permit price
parking permits available for purchase by faculty/staff, in
($/year)
Fall 2019.
Type of university 0 if public, 1 if private
Campus setting

𝑋

Average fall temp (F)

𝑋

𝑋
𝑋

𝑋
𝑋

1 if rural, 2 if suburban, 3 if urban

Campus area (acres) Land area occupied by the campus
Number of rainy
days (days/year)

𝑋

College Data

Log (City population) Log (city’s population in 2019)

𝑋

Average number of days in a year with precipitation

Average temperature in September, October, and
November.
Average daily per diem rate (hotel and meals) in the city or
Cost of living ($/day) county over 12-month from Oct. 2018 to Sept. 2019
(FY2019).
Average tuition fee paid by a full-time undergraduate
Tuition fee ($/year) student in the Fall 2018 and Spring 2019 semesters or Fall
2018, Winter 2019 and Spring 2019 quarters
Total number of students (undergraduate and graduate) on
Enrollment
October 15, 2019.
Number of full-time equivalent students divided by the
Student-faculty ratio
number of full-time equivalent faculty
Number
of employees

Data source
University’s
parking website

Total number of equivalent faculty and staff in Fall 2019.

Number of students and employees per acre =
Campus population
(𝑋 + 𝑋 )/𝑋
density (persons/acre)

College Data
U.S. Census
Bureau
College Data
College Data
Weather.com
GSA
CDS
CDS
CDS
CDS and
university’s
website
Calculated

Once all the data was gathered for the subject universities, a descriptive statistical analysis
was conducted to better understand the characteristics of each variable when observed as an entire
sample. Once all the data was analyzed, seven universities were found to offer free parking to
faculty and staff, this is a policy decision and cannot be predicted with the potential variables. With
this new observation the number of universities in the dataset decreased once again from 220 to
213. Table 4.2 demonstrates the descriptive statistics for the 213 universities which include the
calculation of values such as the mean, median, and standard deviation for each of the variables.
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In Figure 4.1, the number of universities per state has been plotted to visualize the university
distribution throughout the country.

Table 4.2 Descriptive Statistics of the Variables in the Base Price Model
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Figure 4.1 Universities Distribution Among States

4.3 MODEL DEVELOPMENT
The data gathered were utilized to develop a base price model for faculty and staff permits.
The FSBP model was developed using the Tobit regression to estimate the linear relationship
between the permit price and the 12 potential variables. For this, the dependent variable was
identified as the annual permit fee (𝑌) and the independent variables considered were 𝑋 to 𝑋

.

It is necessary to apply the Tobit regression to determine the base price model because the
dependent variable (𝑌) was subjected to a lower bound of 0.

4.3.1 Correlation Analysis
A correlation analysis was conducted with the MINITAB software (MINITAB, 2021) to
analyze how the independent and dependent variables were related statistically within each other.
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Table 4.3 lists the values of the correlation’s coefficients (𝑟 ) that included all the 12
independent variables and the dependent variable (𝑌).

Table 4.3 Correlation Coefficients of Variables in the Base Price Model

𝑿𝟏
𝑿𝟐
𝑿𝟑
𝑿𝟒
𝑿𝟓
𝑿𝟔
𝑿𝟕
𝑿𝟖
𝑿𝟗
𝑿𝟏𝟎
𝑿𝟏𝟏
𝑿𝟏𝟐

𝒀
0.382
0.275
0.373
-0.064
0.084
-0.071
0.333
0.447
0.174
-0.255
0.447
0.339

𝑿𝟏

𝑿𝟐

𝑿𝟑

𝑿𝟒

𝑿𝟓

𝑿𝟔

𝑿𝟕

𝑿𝟖

𝑿𝟗

𝑿𝟏𝟎

𝑿𝟏𝟏

0.070
0.279
-0.138
0.177
0.017
0.446
0.908
-0.207
-0.564
0.217
0.203

0.581
-0.127
-0.139
0.065
0.208
0.069
0.269
-0.031
0.226
0.356

-0.247
-0.357
0.322
0.508
0.278
0.310
-0.132
0.340
0.443

-0.059
0.008
-0.231
-0.158
0.355
0.170
0.265
-0.443

-0.394
-0.111
0.224
-0.206
-0.318
-0.007
0.024

0.135
-0.058
0.330
0.277
0.086
0.058

0.483
0.079
-0.288
0.253
0.491

-0.237
-0.618
0.275
0.226

0.339
0.582
0.117

-0.171
-0.167

0.067

The correlation analysis began by observing if any correlation coefficient was above 0.5.
From the results, it is observed that for these correlations there was not a significant relationship
even though the highest obtained values were still identified. For 𝑌, the highest correlation
coefficients were obtained with variables 𝑋 (in-state tuition) and 𝑋

(number of employees) with

values of 0.447 for both relations.
Among the possible pairs of independent variables seen in Table 4.3, the highest correlation
coefficient value was 0.908, between 𝑋 (type of university: public/private) and 𝑋 (in-state
tuition). The high 𝑟

(correlation) between these variables was expected since the type of

university has a high impact on the cost of studies. A public university (𝑋 = 0) charges lower instate tuition fees than a private university (𝑋 = 1). The second highest correlation coefficient was
-0.618, between 𝑋 (in-state tuition fee) and 𝑋 (student-faculty ratio). This correlation is justified
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since typically in universities, with higher in-state tuitions the number of students that attend
decreases resulting in a lower student-faculty ratio. The third highest correlation coefficient has a
value of 0.582 resulting from the relationship between variables 𝑋 (enrollment) and 𝑋
(employees). This significant correlation reflects that as the number of students increases, the
faculty and staff will increase to provide the services needed by students. The fourth pair of
variables that have a high correlation are 𝑋 (type of university) and 𝑋

(student-faculty ratio)

with a correlation coefficient of -0.564. Private universities usually have lower student-faculty
ratios due to fewer student enrollment compared to public universities where education costs are
more affordable to the average student. The final significant correlation that is observed in the
analysis is between 𝑋 (log of city population) and 𝑋 (cost of living at per diem rate). This
correlation represents that the higher the population in a city the higher than the cost of living.

4.3.2 Single Base Price Model
This development of the base price model consisted of dividing the data of 213 universities
into two different sets by randomly assigning 20% of the universities as the validation data. This
is done to obtain one data set that will be used to validate the model. The training data set (Dataset
T) consisted of 171 universities and the validation dataset (Dataset V) consisted of 42 universities.
Dataset T was analyzed with Tobit regression through the STATA software (STATA, 2021) and
the resulting model was then applied to Dataset V.
With the datasets divided into adequate sets the next step for the development of the single
FSBP was fitting Tobit regression models to Dataset T and obtain two alternatives: FSBP-0 and
FSBP-1. These two variants are a result of two Tobit regression equations without a constant and
with a constant, respectively. The Tobit regression requires a lower limit for the regression, which
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was 0 and a confidence interval of 90%. The stepwise regression as well as a backward elimination
approach were implemented to select the significant variables. All the selected variables have
|t|>1.96. Figure 4.3 illustrates the results of the fitted FSBP-0 and FSBP-1 models after identifying
the significant variables is achieved.

(a) FSBP-0 Model (without constant)

(b) FSBP-1 Model (with constant)
Figure 4.2 Tobit regression results of FSBP-0 and FSBP-1 (STATA 16.0)
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It is observed in Figure 4.3 that both price models yielded the same five significant
variables which include 𝑋 , 𝑋 , 𝑋 , 𝑋 , 𝑋 . The city’s population (𝑋 ), in-state tuition (𝑋 ),
number of employees (𝑋 ) and campus population density (𝑋 ) reflect the land-use
characteristics of the university, cost of living, and traffic congestion levels, which lead us to
expect a positive impact on the model (higher price). On the other hand, there is one negative
coefficient in the model which is attributed to the average fall temperature. Lower average
temperatures will generate more demand as less faculty and staff will be willing to walk or travel
by public transport to campuses. With the results for both FSBP-0 and FSBP-1 models being
similar in terms of significant variables and their coefficients the criterion to determine the better
model was the log likelihood value. Model FSBP-1 is preferred over FSBP-0 model since the log
likelihood is slightly higher by a difference of +0.0008.
Once model FSBP-1 was chosen as the preferred model for this research, it was applied to
Dataset V. Figure 4.4 is generated by plotting the base price predicted by the FSBP-1 model against
the observed median prices for the 42 universities. A model that predicted the observed median
values correctly should fall in a 45-degree straight line that symbolizes 𝑟 =1. However, the FSBP1 model did not predict the observed values and instead achieved an 𝑟 value of 0.7191 with a
reference line of the results that had a slope of 0.7784. The FSBP-1 model underestimated the
annual median permit fees in the validation dataset by 22%.
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Figure 4.3 Base Price versus Observed Median Parking Permit Price

4.3.3 Dual Base Price Model
In the previous section, a single base price model has been developed. The development of
dual models is an attempt to improve the FSBP model by dividing Dataset T into two equal halves
and fitting a model to each half. This was done by choosing a variable (𝑋 ) from the five significant
variables on the FSBP-1 model and used the median value of 𝑋 to divide Dataset T into two
halves, one half has 𝑋 values smaller than the median value and the other half has 𝑋 values that
are equal to or larger. 𝑋 was not used in the dual models since it was used to divide the data. The
dual models were labeled FSBP-DMi, where DM denotes Dual Model.
The following are the steps to describe the development of dual models:
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For FSBP-DMi, i = 3, 6, 8, 11, 12:
(a) The 171 data points in the Dataset T were sorted in increasing order of 𝑋 .
(b) The median value 𝑋 , median was identified.
(c) The 171 data points in Dataset T were divided into two data sets:
o The 85 data points with 𝑋 < 𝑋 ,

formed Dataset T1.

o The 86 data points with 𝑋 ≥ 𝑋 ,

formed Dataset T2.

(d) The 42 data points in Dataset V were divided into two data sets:
o The data points with 𝑋 < 𝑋 ,

formed Dataset V1.

o The data points with 𝑋 ≥ 𝑋 ,

formed Dataset V2.

(e) Fit Tobit regression models to Dataset T1.
o Two models, with and without a constant were fitted. The better model, with the
higher log-likelihood value was selected.
o The selected model for T1 was applied to Dataset V2 to evaluate the sum-of-square
error. The Sum of-Square-Error (SSE) analysis was conducted to determine the
discrepancy from the existing permit data in universities and the estimated values.
(f) The two sum-of-square errors from Dataset V1 and V2 were added and used to measure
efficiency of FSBP-DMi.
(g) Repeat all steps for 𝑋 , 𝑋 , 𝑋 , 𝑋 , 𝑋 .
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Table 4.4 Results of Dual Base Price Model

The SSE analysis was conducted for both training datasets. To obtain the final SSE value
for each dual model the individual SSE values for both Datasets T1 and T2 were added. The SSE
criteria to choose the optimum model is to have a low SSE with comparison to other model
alternatives. From Figure 4.5 it is observed that the lowest SSE value of all the dual models
developed was 4,190,351 from the FSBP-DM3. When compared to the SSE obtained for FSBP-1
which was 4,619,149, the FSBP-DM3 has a better result but through further analysis is discarded
and the dual model approach is not good for the base price model. FSBP-DM3 includes 𝑋 (type
of university) and 𝑋 (in-state tuition) which have a high correlation value of 𝑟 =0.908.
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In summary, the dual models did not yield a better base price model and the recommended
model was FSBP-1 which is the single model.

𝑌 = 8.441 + 107.358𝑋 − 8.292𝑋 + 0.00488𝑋 + 0.04758𝑋

+ 1.4639𝑋

(4. 1)

where,
Y = base price for a faculty and staff parking permit ($/year)
X3 = log of city’s population
X6 = average fall temperature (ºF)
X8 = in-state tuition fees ($/year)
X11 = number of employees
X12 = campus population density (persons/acre)

4.4 EXAMPLE PROBLEM
The is section compares the FSBP-1 generated base price against the median annual permit
price at Cornell University, University of California at Davis (UCD), University of South Florida
(USF), and University of Texas at El Paso (UTEP) using model FSBP-1. The FSBP-1’s model
input variables and results are listed in Table 4.4.
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Table 4.4 Results of Example Problem using FSBP-1 Model
University

Cornell

UCD

USF

UTEP

4.485

4.841

5.541

5.828

𝑋 , average fall temperature (F)

50

65

75

65

𝑋 , in-state tuition fee ($/year)

55,188

14,463

6,410

7,651

𝑋 , number of employees (persons)

7,430

8,826

5,757

2,489

𝑋 , campus pop. density (persons/acre)

42.2

9.0

32.6

65.8

Y from FSBP-1 ($/year)

760

534

326

347

Actual annual median permit price ($/year)

697

660

270

525

% Difference

+9%

-19%

+21%

-34%

Actual permit prices ($/year)

333
532
697
747

262
270
450

400
500
525
575
600

𝑋 , log(city’s population)

420
660
780

From Table 4.4 it is observed that the predicted base price did not equal the actual/ observed
median prices and the percentage differences were determined. The difference of +9% for Cornell
University, -19% for UCD, +21% for USF, and -34% for UTEP. This difference is calculated
through the following approach:

% 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 1 −

(4.2)

× 100

The FSBP-1 model predicted the base price for Cornell University higher than the highest
actual price by $13/year. A possible explanation is that with Cornell University being a private
institution has a higher in-state tuition fee (𝑋 ). On the other hand, the FSBP-1 model’s base price
underestimated the median permit price for UTEP. The base price of $347/year was lower than the
lowest observed value by $53/year. This is because of UTEP having a low number of employees.
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Even though UCD and USF both returned % differences when comparing the FSBP-1 model’s
base prices and the actual median prices, the predicted values are within the range of the current
pricing for the institutions.

4.5 CHAPTER SUMMARY
In this research, the land-use, demographic, economic, and climate data of 213 universities
have been collected. The Tobit regression approach has been applied to fit several models that
propose the FSBP model of employee parking permits at a university. The recommended model,
named FSBP-1 model, expresses the employee base price as a linear function of the log of the
city’s population, average Fall temperature, in-state tuition fees, number of employees, and
campus population density. The collection of data that was used to develop this model has many
challenges. Nevertheless, the FSBP-1 model gives the expected value of the employee base
price of a university given the land-use, demographic, economic, and climate characteristics of the
campus. The predicted employee base price is the first step in establishing the zonespecific employee permit price for every zone in a university campus.
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Chapter 5 – Zone-Specific Pricing Methodology
5.1 BACKGROUND AND PURPOSE
Assuming that the parking zones for employees have been determined, this Chapter
develops a methodology to answer the research question: What should be the annual permit prices
for faculty and staff parking permits in each zone, taking into consideration the faculty and staff
salaries, and the proximity of the zone to their offices or workplaces? The focus of this task is the
development of the zone-specific pricing methodology. The methodology consists of the following
steps: (1) Estimate the base price for faculty and staff, respectively, from the FSBP or employee
base price. (2) Identify the zones where faculty and staff members working in each building are
likely to park. (3) Estimate the last-mile travel times by using walking as the mode of travel from
the zones to the final destinations on campus. (4) Convert the last-mile travel times to the value of
walking time (VoWT) for faculty and staff by using the different VoT for faculty and staff
respectively. (5) Use the base price of faculty and staff to calibrate the value of parking access
(VoPA) for faculty and staff. (6) For each zone, determine the zone-specific annual faculty and
staff parking permit prices (provisional permit prices). (7) Adjust the provisional permit prices to
annual permit prices. After developing the Zone-Specific Pricing Methodology, a case study was
conducted to apply the VoPA and VoWT concepts to The University of Texas at El Paso and
obtain the permit prices that were later compared to the current prices charged by the university.

5.2 CONCEPT OF VALUE OF PARKING ACCESS
Denote university employees as 𝑒, which consists of two user types: faculty members 𝑓
and staff members 𝑠.This Value of Parking Access concept assumes that VoPA is composed of
the parking permit price and the VoWT. The concept of VoPA applies to employees 𝑒, faculty 𝑓
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and staff 𝑠, respectively. The following equations represents the approach used to determine the
VoPA:

𝑉𝑜𝑃𝐴 = 𝑃𝑃 , + 𝑉𝑜𝑊𝑇 ,

(5.1)

𝑉𝑜𝑃𝐴 = 𝑃𝑃 , + 𝑉𝑜𝑊𝑇 ,

(5.2)

𝑉𝑜𝑃𝐴 = 𝑃𝑃 , + 𝑉𝑜𝑊𝑇 ,

(5.3)

where:
𝑉𝑜𝑃𝐴 = Value of Parking Access for employee ($/year)
𝑃𝑃 , = Permit Price for employee at zone z ($/year)
𝑉𝑜𝑊𝑇 , = Value of Walking Time for employee at zone z ($/year)
𝑉𝑜𝑃𝐴 = Value of Parking Access for faculty ($/year)
𝑃𝑃 , = Permit Price for faculty at zone z ($/year)
𝑉𝑜𝑊𝑇 , = Value of Walking Time for faculty at zone z ($/year)
𝑉𝑜𝑃𝐴 = Value of Parking Access for staff ($/year)
𝑃𝑃 , = Permit Price for staff at zone z ($/year)
𝑉𝑜𝑊𝑇 , = Value of Walking Time for staff at zone z ($/year)

5.3 PROPOSED METHODOLOGY
5.3.1 Estimation of Base Prices for Faculty and Staff
The FSBP-1 model developed in the first part of this research (Chapter 4), was determined
without considering the differences between faculty and staff salaries. That is, the FSBP-1 model
produces a single base price for all faculty and staff in a campus, denoted by 𝐵𝑃 . The FSBP-1
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model was structured as such because the universities did not voluntarily make the faculty and
staff salary information available to the public, and they sold parking permits to faculty and staff
at the same price to park in the same zone. The zone-specific pricing methodology proposed in
this chapter differentiates the permit prices for faculty and staff members in the same zone. This
requires that two base prices be calculated, one for the faculty and one for the university staff. The
following steps were used to calculate the base price for faculty,𝐵𝑃 , and the base price for
staff, 𝐵𝑃 .
Step (1) - Calculate the fractions of faculty and staff within the total employee count.

𝑃 =
𝑃 =

#

(5.4)

#

(5.5)

Step (2) - Assume that 𝐵𝑃 , the base price predicted by the FSBP-1 model, equals to the sum of the
base prices of the faculty and staff weighted by their employee proportions:

(5.6)

𝐵𝑃 = 𝑃 × 𝐵𝑃 + 𝑃 × 𝐵𝑃

Step (3) - Assume that the ratio of the base prices for faculty and for staff, 𝐵𝑃 ⁄𝐵𝑃 , is the same
as the ratio of the annual median salary for faculty, 𝑀𝑆 , and annual median salary for staff, 𝑀𝑆 .

(5.7)

=
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Knowing the values of (𝑃 , 𝑃 , 𝑀𝑆 , 𝑀𝑆 ), the 𝐵𝑃 and 𝐵𝑃 may be found by solving Equations
(5.6] and (5.7).

5.3.2 Estimation of the Value of Walking Time
The value of walking time (VoWT) is calculated from the walking distance, VoT, working
days in a year, and number of daily trips from parking location to the target building. In theory an
employee that parks closer to their destination will pay more to walk a shorter distance. With this
concept the VoWTs ($/year) are calculated with the following equation:

𝑉𝑜𝑊𝑇 , = 𝑉𝑜𝑇 × 𝐿𝑀𝑇𝑇 × 2 × 𝐷

(5.8)

𝑉𝑜𝑊𝑇 , = 𝑉𝑜𝑇 × 𝐿𝑀𝑇𝑇 × 2 × 𝐷

(5.9)

𝑉𝑜𝑊𝑇 , = 𝑉𝑜𝑇 × 𝐿𝑀𝑇𝑇 × 2 × 𝐷

(5.10)

where:
𝑉𝑜𝑊𝑇 , = value of walking time for employee at zone z ($/year)
𝑉𝑜𝑊𝑇 , = value of walking time for faculty at zone z ($/year)
𝑉𝑜𝑊𝑇 , = value of walking time for staff at zone z ($/year)
𝑉𝑜𝑇 = value of time for employee ($/minute)
𝑉𝑜𝑇 = value of time for faculty ($/minute)
𝑉𝑜𝑇 = value of time for staff ($/minute)
𝐿𝑀𝑇𝑇 = last mile travel time
2 = round-trips per on-campus working day (trips/day)
𝐷 = number of on-campus working days in a year (days/year)
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5.3.3 Calibration of Value of Parking Access
The next step of the methodology is to use the VoWT calculated to generate the permit
price for employees depending on the parking zone. A VoWT was calculated for every zone, for
staff and for faculty members. Assume that Equations (5.8) to (5.10) are applied to the zone that
has the median value of walking time among all the zones. The VoPA may be written as the sum
of the base price and the median value of walking time, such that:

𝑉𝑜𝑃𝐴 = 𝐵𝑃 + 𝑀𝑉𝑜𝑊𝑇

(5.11)

𝑉𝑜𝑃𝐴 = 𝐵𝑃 + 𝑀𝑉𝑜𝑊𝑇

(5.12)

𝑉𝑜𝑃𝐴 = 𝐵𝑃 + 𝑀𝑉𝑜𝑊𝑇

(5.13)

where:
𝐵𝑃 = Base Price value for employee ($/year)
𝐵𝑃 = Base Price value for faculty ($/year)
𝐵𝑃 = Base Price value for staff ($/year)
𝑀𝑉𝑜𝑊𝑇 = median value of walking time for employee ($/year)
𝑀𝑉𝑜𝑊𝑇 = median value of walking time for faculty for all zones ($/year)
𝑀𝑉𝑜𝑊𝑇 = median value of walking time for staff for all zones ($/year)

5.3.4 Calculation of Permit Prices
Equations (5.11) to (5.13) may be used to estimate the values of 𝑉𝑜𝑃𝐴 , 𝑉𝑜𝑃𝐴 and
𝑉𝑜𝑃𝐴 . Knowing 𝑉𝑜𝑃𝐴 , 𝑉𝑜𝑃𝐴 and 𝑉𝑜𝑃𝐴 , the permit prices all employees, faculty and staff
may be calculated by:
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𝑃𝑃 . = 𝑉𝑜𝑃𝐴 − 𝑉𝑜𝑊𝑇 ,

(5.14)

𝑃𝑃 . = 𝑉𝑜𝑃𝐴 − 𝑉𝑜𝑊𝑇 ,

(5.15)

𝑃𝑃 . = 𝑉𝑜𝑃𝐴 − 𝑉𝑜𝑊𝑇 ,

(5.16)

where:
𝑃𝑃 , = Permit Price for employee at zone z ($/year)
𝑃𝑃 , = Permit Price for faculty at zone z ($/year)
𝑃𝑃 , = Permit Price for staff at zone z ($/year)

5.3.5 Adjustments of Permit Prices
Parking garages provide weather protection and a relatively more secure access to users, it
is expected that the permit prices for parking garages will have a higher price compared to open
surface zones. The calculations of 𝑃𝑃 , , 𝑃𝑃 , 𝑎𝑛𝑑 𝑃𝑃 , based on Equation (5.14) to (5.16) do
not account for the adjustment of permit price for parking garages. The adjustment factor is based
on maintenance cost of parking garages with comparison to open zones. Kenney (2014) stated that
typically parking garages have a maintenance cost three times higher than open zones. The parking
garage adjustment factor is written as follow:

𝑓 =

( ×

)

(5.17)

where:
𝑓 = the parking garage permit price adjustment factor
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𝑁𝑆 = the total number of the parking stalls in parking garages on campus
𝑁𝑆 = the total number of the parking stalls in open surface zones on campus
With the calculated permit price adjustment factor the adjusted annual permit price for the parking
garages on campus is:

𝑃𝑃 , = 𝑃𝑃 , × 𝑓

(5.18)

𝑃𝑃 , = 𝑃𝑃 , × 𝑓

(5.19)

𝑃𝑃 , = 𝑃𝑃 , × 𝑓

(5.20)

where:
𝑃𝑃 , = adjusted price of parking permit for garage zones for employee ($/year)
𝑃𝑃 , = adjusted price of parking permit for garage zones for faculty ($/year)
𝑃𝑃 , = adjusted price of parking permit for garage zones for staff ($/year)
𝑓 = parking garage permit price adjustment factor

5.4 CASE STUDY
This section presents an example to demonstrate the application of the proposed zonespecific pricing methodology to a campus. The University of Texas at El Paso (UTEP) in Texas,
United States, is an urban commuter campus and was used as the site for this case study.
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5.4.1 Existing Faculty and Staff Parking at UTEP Campus
The university consists of 25,151 students, 1,315 faculty members, and 1,171 staff
members (Fall 2019 data). The campus has approximately 7,944 parking spaces distributed
throughout 60 zones. UTEP’s TPO currently groups zones across campus into 8 different zone
categories by color. The parking zone’s locations are marked on the campus map in Figure 5.1 by
red, orange, blue, green, blue, purple, and brown colors. Permits of the same category are sold at
the same price to faculty and staff (employees). Out of these 8 parking zone categories by color, 5
are available for both faculty and staff who have purchased annual permits, the remaining zone
categories by color are not available to be purchased by employees. These 5 parking zone
categories by color include: parking garages (gold permits), reserved inner campus (red permits),
inner campus (orange permits), perimeter (blue permits), and remote zones (green permits) which
account for 41 zones. Table 5.1 presents the parking zones available for employees to park with
the corresponding permit prices.
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Figure 5.1 Existing UTEP Parking Zones
(UTEP Parking and Transportation, 2021)
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Table 5.1 Existing Parking Zones for Employees
Zone
Category
Color

Description of
Permit by
Color

Gold

Garage

Red

Inner campus –
reserved

Orange

Inner campus

Blue

Perimeter

Green

Remote

Parking Zones in Each Zone Category

Permit Fee
for
Employees
($/year)

SBG, SCG

575

SB1, KE1, SB2, UN2, UN3, WI1, WI4,
EL1

600

DO1, DO2, HA2, RA1, RI1, RI2, RI3, RI4,
RI5, RI6, UN1, UN4, WI2, WI3, WI5

525

DA1, GR2, GR3, GR5, OR2, SB5, SB6,
SC1, SC2, SC3, SC4, SC5

400

SB7, SB8, SB9, SB10

300

Not including exclusive zones, dormitory parking, athlete department and off-main campus
parking

5.4.2 Estimation of Base Prices for Faculty and Staff
This section describes how the employee base price was adjusted for faculty and staff base
prices. The annual median salaries of faculty members and staff members were requested through
the Texas Public Information Act. The following information (in FY2021) were provided by the
UTEP Vice President of Business Affairs office:


Median salary of faculty: 𝑀𝑆 = $76,899/9-month



Median salary of staff: 𝑀𝑆 = $43,555/year

There were approximately 1,315 faculty and 1,174 staff employees (Fall 2019 Data). The
employee base price 𝐵𝑃 = $347/permit/year was estimated by the FSBP-1 model in Chapter 4.
This value, together with 𝑝 = 0.53 and 𝑝 = 0.47, 𝑀𝑆 = $76,899/year and of 𝑀𝑆 =
$43,555/year, gave 𝐵𝑃 = $437/permit/year and 𝐵𝑃 = $246/permit/year (using Equations (5.6)
to (5.7)).
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5.4.3 Estimation of Value of Walking Time
The main challenge in the estimation of VoWT was the determination of walking distance
𝑑 for each zone. The 𝑑 was determined as follows. The distances from the centroid to the centroid
of the footprint of each surrounding buildings were measured in a Geographical Information
System (GIS) map. As shown in Figure 5.2, the campus map developed for UTEP included the
footprint of both zones and buildings with the respective centroid. The radius shown in blue in the
map depicts the walking radius for the College of Engineering to identify the zones within the
determined maximum walking distance. The maximum walking distance considered was initially
400 m, the commonly used walking distance to a transit station. However, at the standard walking
speed of 1.22 m/s (4 ft/s), a distance of 400 m takes only 5.5 minutes. The maximum walking time
of 7.0 minutes, equivalent to 513 m, was therefore adopted to obtain a more reasonable walking
time. Most of the zones have several buildings with the 513 m range. The walking distances from
a zone 𝑧 to all the buildings within 513 m were measured and the median value was taken as the
𝑑 .
With 𝑑 identified for all zones, the next step was to convert this value to the equivalent
value of LMTT. Using the average walking speed of 1.22 meters/second, Table 5.2 presents the
calculated LMTT values for all the eligible zones for the UTEP case study.
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Figure 5.2 UTEP Campus Map Showing Area Within 513 m from the Engineering Building
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Table 5.2 Median Walking Distance and Last Mile Travel Time from Employee Parking Zones
Parking Lot
SBG
SCG
UN3
KE1
WI4
UN2
SB2
SB9
SB1
EL1
WI1
WI2
WI5
RI1
RI2
RI3
RI4
RI5
RI6
WI3
UN1
DO1
DO2
HA2
UN4
RA1
SC1
SC2
SC3
SC4
SC5
DA1
SB5
SB6
GR2
GR3
GR5
OR2
SB7
SB8
SB10

Median Dz
(meters)
354
396
388
382
284
325
379
94
355
269
313
273
327
353
397
365
361
341
366
288
331
340
329
324
356
251
405
402
394
426
454
364
494
487
333
420
513
451
439
484
284
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Median LMTT
(minutes)
5
5
5
5
4
4
5
1
5
4
4
4
5
5
5
5
5
5
5
4
5
5
4
4
5
3
6
6
5
6
6
5
7
7
5
6
7
6
6
7
5

To calculate the 𝑉𝑜𝑇, faculty members were initially assumed to work 1,280 hours in a
year (equivalent to 32 weeks/year, 5 days/week, 8 hours/day). Using 𝑐 = 0.6 for business/work
trips, in Equation (2.5) gave 𝑉𝑜𝑇 = $36.00/hour or $0.60/minute. Staff members were assumed
to work 2,080 hours in a year (equivalent to 52 weeks/year, 5 days/week, 8 hours/day). The
calculated 𝑉𝑜𝑇 = $12.60/hour or $0.21/minute.
Once the 𝑉𝑜𝑇 and 𝑉𝑜𝑇 values had been obtained, Equations (5.9) to (5.10) were applied
to calculate 𝑉𝑜𝑊𝑇 , and 𝑉𝑜𝑊𝑇 , for every zone. Once the 𝑉𝑜𝑊𝑇 , and 𝑉𝑜𝑊𝑇 ,

were

determined for every zone, the 𝑀𝑉𝑜𝑊𝑇 , = $777/year and 𝑀𝑉𝑜𝑊𝑇 , = $436/year for faculty
and staff, respectively, were obtained from the list of 𝑉𝑜𝑊𝑇 , and 𝑉𝑜𝑊𝑇 , values from all the
zones. Table 5.3 lists the 𝑉𝑜𝑊𝑇 , and 𝑉𝑜𝑊𝑇 , values calculated for all the zones. From the list
of zones in Table 5.3, it was observed that four zones (SB7 to SB10) had VoWT for staff but not
for faculty. This occurred none of buildings that housed faculty offices were within the walking
distance of these zones. There were, however, buildings that served as staff workplaces with the
513 m walking distance from these four zones.
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Table 5.3 Value of Walking Time for Employee Parking Zones
Employee
Parking Zone
SBG
SCG
UN3
aKE1
WI4
UN2
SB2
SB9
SB1
EL1
WI1
WI2
WI5
RI1
RI2
RI3
RI4
RI5
RI6
WI3
UN1
DO1
DO2
HA2
UN4
RA1
SC1
SC2
SC3
SC4
SC5
DA1
SB5
SB6
GR2
GR3
GR5
OR2
SB7
SB8
SB10

Faculty VoWT
($/year)
773
866
848
834
621
711
829
776
588
685
597
716
772
868
797
789
745
801
629
723
743
719
707
777
549
885
880
861
932
993
796
1081
1064
729
917
1120
985
-
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Staff VoWT
($/year)
427
478
469
461
343
393
458
113
429
325
378
330
396
427
479
441
436
411
442
348
399
410
397
391
429
303
489
486
476
515
549
440
597
588
403
507
619
544
530
585
342

5.4.4 Calibration of Value of Parking Access
The zone-specific pricing methodology continues to calibrate the 𝑉𝑜𝑃𝐴 𝑎𝑛𝑑 𝑉𝑜𝑃𝐴
values using Equations (5.12) and (5.13) With 𝐵𝑃 = $437/year, 𝐵𝑃 = $246/year, 𝑀𝑉𝑜𝑊𝑇 =
$777/year and 𝑀𝑉𝑜𝑊𝑇 = $436/year, the calculated 𝑉𝑜𝑃𝐴 = $1,214/year and 𝑉𝑜𝑃𝐴 =
$682/year.

5.4.5 Calculation of Permit Prices
Equations (5.15) to (5.16) were applied to calculate the proposed 𝑃𝑃
parking zones. The calculated permit prices are listed in Table 5.4.
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.

and 𝑃𝑃 . for all

Table 5.4 Permit Price for Faculty and Staff
Parking Lot
SBG
SCG
UN3
KE1
WI4
UN2
SB2
SB9
SB1
EL1
WI1
WI2
WI5
RI1
RI2
RI3
RI4
RI5
RI6
WI3
UN1
DO1
DO2
HA2
UN4
RA1
SC1
SC2
SC3
SC4
SC5
DA1
SB5
SB6
GR2
GR3
GR5
OR2
SB7
SB8
SB10

Faculty
($/year)
441
348
366
380
593
503
385
0
438
626
529
617
498
442
346
417
425
469
413
585
491
471
495
507
437
665
329
334
353
282
221
418
133
150
485
297
94
229
0
0
0
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Staff
($/year)
254
204
213
221
339
289
224
569
253
357
304
352
286
255
203
241
246
271
240
334
283
272
285
291
253
379
193
196
206
167
133
242
85
94
279
175
63
138
152
97
340

5.4.6 Adjustments of Permit Prices
The permit prices graphed in Figure 5.3 represent the proposed cost for the 41 zones
analyzed in this case study. The results shown in Table 5.4 and Figure 5.3 for parking garages
SBG and SCG have been adjusted based on the parking garage adjustment factor 𝑓 = 1.67, this
will provide 𝑃𝑃 , . As seen in Figure 5.3, the prices of faculty parking permits are higher due
primarily to the annual median salary.
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Table 5.5 Adjusted Permit Price for Faculty and Staff
Zone
SBG
SCG
UN3
KE1
WI4
UN2
SB2
SB9
SB1
EL1
WI1
WI2
WI5
RI1
RI2
RI3
RI4
RI5
RI6
WI3
UN1
DO1
DO2
HA2
UN4
RA1
SC1
SC2
SC3
SC4
SC5
DA1
SB5
SB6
GR2
GR3
GR5
OR2
SB7
SB8
SB10

Faculty
($/year)
736
581
366
380
593
503
385
438
626
529
617
498
442
346
417
425
469
413
585
491
471
495
507
437
665
329
334
353
282
221
418
133
150
485
297
94
229
-
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Staff
($/year)
426
340
213
221
339
289
224
569
253
357
304
352
286
255
203
241
246
271
240
334
283
272
285
291
253
379
193
196
206
167
133
242
85
94
279
175
63
138
152
97
340

800
700

Faculty

Staff

600

$/year

500
400
300
200
100
0
SBG UN3 WI4 SB2 SB1 WI1 WI5 RI2 RI4 RI6 UN1 DO2 UN4 SC1 SC3 SC5 SB5 GR2 GR5 SB7 SB10

Employee parking zone

Figure 5.3 Adjusted Permit Prices for Faculty and Staff

5.4.7 Further Applications
This sub-section applies three methods of grouping the parking zones setting the permit
prices of faculty and staff parking of each zones based on the adjusted prices presented in Table
5.5.
Method 1. This method proposed that every zone should have its unique faculty and staff parking
permit prices that reflect its VoWT. This means that every zone follows its calculated 𝑃𝑃 , and
𝑃𝑃 , , after the adjustment for garages, rounded to the nearest $25. Figures 5.4 and 5.5 compare
the individual zone’s proposed permit price for faculty and staff with the existing price set the
Parking & Transportation Services at UTEP.
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Permit Prices ($/year)

500
400
300
200
100
0
SBG UN3 WI4 SB2 SB1 WI1 WI5 RI2 RI4 RI6 UN1 DO2 UN4 SC1 SC3 SC5 SB5 GR2 GR5 SB7 SB10

Parking Zone

Figure 5.4 Comparisons of the Existing Permit Prices and Recommended Permit Prices
(Method 1) for Faculty Parking
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600

Method 1

Permit Prices ($/year)

500
400
300
200
100
0
SBG UN3 WI4 SB2 SB1 WI1 WI5 RI2 RI4 RI6 UN1 DO2 UN4 SC1 SC3 SC5 SB5 GR2 GR5 SB7 SB10

Parking Zone

Figure 5.5 Comparisons of the Existing Permit Prices and Recommended Permit Prices
(Method 1) for Staff Parking
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Method 2. This method follows the current grouping of zones into the color categories in Figure
5.1 and Table 5.1 implemented by UTEP’s Parking and Transportation Services but with the
recommended prices determined by this research (rounded to the nearest $25). Each color category
consists of several zones. The median recommended price among the zones in the same color
category is used as the permit price for the category. Table 5.6 compares the existing permit fees
and the proposed permit fees by Method 2. The individual zone’s prices are compared in Figures
5.6 and 5.7. As seen in Table 5.6, the proposed prices for faculty and staff for the current category
zones are compared to the existing prices which are applied to all employees. For all the zones,
the proposed staff permit prices are lower than the existing prices. The proposed permit prices for
faculty are lower except for the parking garages. The faculty permit price for the garages are higher
due to the adjustment for the maintenance. In addition, due to the parking zones in the remote
(green) zone category being outside of the maximum walking distance from all the faculty office
buildings, this parking category has a price of $0 as an incentive for faculty to park there.
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Table 5.6 Recommended Permit Prices After Adjustments using Method 2
Parking Zone
Garages
Reserved Inner
Campus
Inner Campus
Perimeter
Remote

Existing Price
($/year)
575
600

Faculty Method 2
Price ($/year)
650
500

Staff Method 2
Price ($/year)
400
275

525
400
300

475
300
0

275
175
125

700
Existing Price

600

Method 2

Permit Price ($/year)

500
400
300
200
100
0
SBG UN3 WI4 SB2 SB1 WI1 WI5 RI2 RI4 RI6 UN1 DO2 UN4 SC1 SC3 SC5 SB5 GR2 GR5 SB7 SB10

Parking Zone

Figure 5.6 Comparisons of the Existing Permit Prices and Recommended Permit Prices
(Method 2) for Faculty Parking
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Figure 5.7 Comparisons of the Existing Permit Prices and Recommended Permit Prices
(Method 2) for Staff Parking

Method 3. Zoning and pricing Method 3 proposes new groups of zones based on the LMTT in
Table 5.2. Method 3 groups zones into four different color categories with the red zone being
determined by LMTT equal to 4 minutes, orange zone with LMTT equal to 5 minutes, blue zone
with LMTT equal to 6 minutes, and green zone that has LMTT of 7 minutes. The parking permit
prices for each new category of zone follows the median of all the permit prices of the zones that
are within the category. Figure 5.8 shows the proposed categories of zones derived using Method
3. Table 5.7 lists and compares the recommended permit prices for faculty and staff for the new
categories of zones. The individual zone’s prices are plotted in Figures 5.9 and 5.10.
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Figure 5.8 Proposed Zoning Map using Method 3

Table 5.7 Recommended Permit Prices with Zoning Method 3
Parking Zone

Faculty Permit Price

Staff Permit Price

Red
Orange
Blue
Green

575
425
275
100

325
250
175
100
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Figure 5.9 Comparisons of the Existing Permit Prices and Recommended Permit Prices
(Method 3) for Faculty Parking
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Figure 5.10 Comparisons of the Existing Permit Prices and Recommended Permit Prices
(Method 3) for Staff Parking
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5.5 CHAPTER SUMMARY
The zone-specific pricing methodology proposed in this chapter computes the annual
permit fees for employees and differentiate the annual permit fees for faculty and staff parking
within a university campus. The proposed permit prices for faculty and staff are based partially on
the respective median salaries for both employee types. The annual permit price assumed that
every user has a budget defined as the value of parking access, which is the sum of the provisional
permit fee of a zone and the value of walking time between the zone and the user’s workplace. The
price setting problem (from the university’s perspective) and the parking zone selection problem
(from the employee’s perspective) is formulated as a trade-off between the permit price and value
of walking time. By knowing the value of parking access and the value of walking time, the permit
price for both faculty and staff can be determined.
The methodology developed was then applied to The University of Texas at El Paso which
is an urban commuter campus as a case study. The zone-specific pricing methodology was applied
to UTEP to predict the annual permit prices based on the unique campus characteristics and
employee salary differences.
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Chapter 6 – Conclusion
This chapter provided a summary of the research findings which include research
contributions, research limitations, and future research.
6.1 RESEARCH FINDINGS
The objective of this research was to develop a two-step procedure for the determination
of faculty and staff parking permit prices in university campuses.
These methodologies were developed by answering two research questions in Chapter 4 and 5:
1. What is the single base price for faculty and staff parking permits on a campus? The base
price is the reference or typical annual permit price for all employees (faculty and staff
members) that is benchmarked against the same price at other universities.
2. What should be the annual permit prices for faculty and staff parking permits in each
parking zone, taking into consideration the faculty and staff salaries, and the proximity of
the parking zone to their workplaces?
Research Question 1 has been answered in Chapter 4 with the development of an annual
faculty and staff base price model (FSBP-1 model). Data was gathered from publicly available
websites for universities across the country to analyze campus characteristics with the goal of
developing a base price model based on the Tobit regression technique. From the base price model,
it was concluded that the significant factors for the parking permit base price in university
campuses were the city’s population, average fall temperature, university in-state tuition fees,
university employees, and campus population density. The faculty and staff base prices (or
employee base price) provided by this model represent the reference annual permit price that can
be utilized by universities TPOs to determine parking permit fees. The base price model generated
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by this research can be applied by all universities in the United States with an enrollment greater
than 10,000.
Research Question 2 was answered in Chapter 5 with the zone-specific pricing
methodology. The proposed methodology makes use of the concepts of value of parking access,
value of walking time to calculate the separate annual permit prices for faculty and staff at each
zone. It considers factors such as annual workdays and annual salary for faculty and staff. The
proposed methodology for zoning and permit fees is applicable to all the universities which have
the data to develop a faculty and staff base prices (or employee base price), or a university can
arbitrarily establish a base price as the starting point..

6.2 RESEARCH CONTRIBUTIONS
The contributions of this research are:
1. This research is one of the first to analyze universities demographic, economic, parking and
environmental characteristics to develop a base price model for faculty and staff. The base
price model recommends the reference price that TPOs can use to determine parking permit
fees across the university campus. The base price model developed in this research can be
applied by all universities in the United States with a student enrollment higher than 10,000.
2. The research is one of the first to develop a methodology to determine different permit prices
for faculty and staff that reflect the median salaries of these two groups of employees. The
universities across the United States can apply this methodology to estimate two annual permit
fees for parking zones within the campus, one permit fee will be applied for faculty and the
other permit fee for staff employees.
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6.3 RESEARCH LIMITATIONS
University parking is a complex topic since there are many factors to be considered when
developing the base price model as well as the zone-specific pricing methodology. This research
attempts to consider as many factors as practically possible, yet some factors might have not been
considered such as parking capacities on campuses when developing the base price model. For this
research, most universities do not disclose the number of permits sold to employees or employees
looking to purchase a permit. This led to the assumption that all university employees were in the
market to purchase parking permits every academic year. This assumption results in an approach
without a demand-supply interaction.
When developing the zone-specific pricing methodology, this research generates
assumptions on the number of working hours per year in order to calculate the VoT for both
employee types. This assumption may lead to some discrepancy with regards to the value of time
used for the UTEP case study. Assumptions were also made on the number of days faculty travel
to the campus to work. This assumption has an impact on the VoWT. Conducting a survey with
faculty and staff to obtain accurate information of the number of working hours in a year and
number of working days in a year would address these uncertainties.

6.4 FUTURE RESEARCH
This research focused on the methodologies to determine permit prices for faculty and staff
while assuming that the all the parking zones were available (set aside) only for employees not
considering the demand of other user types. Future research should aim to develop a bi-level
programming model for zone assignment and permit price determination. The higher level of this
approach models the competition for parking spaces between these three types of users, namely
students, faculty and staff, while the lower level still incorporates the pricing methodologies
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developed by the authors. This research approach will more accurately represent the competition
between users to acquire the desired parking permit.
The value of parking access may also be applied to sporting events on campus. One
example is to use this concept to determine the parking permit fees for football season ticket
holders.

57

References
AAA. (2017). “American Driving Survey.” American Automobile Association,
https://newsroom.aaa.com/tag/american-driving-survey
Bridgelall, R. 2014. “Campus parking supply impacts on transportation mode choice.” Transp.
Plann. Technol. 37 (8): 711–737. https://doi.org/10.1080/03081060.2014.959354.
Census (2021). The U.S. Census Bureau.
Chai, H., R. Ma, and H. M. Zhang. 2017. “Search for parking: A dynamic parking and route
guidance system for efficient parking and traffic management.” In Proc., Transportation
Research Board 96th Annual Meeting. Washington, DC: Transportation Research Board.
Chaniotakis, E., and A. J. Pel. 2015. “Drivers’ parking location choice under uncertain parking
availability and search times: A stated preference experiment.” Transp. Res. Part A:
Policy Pract. 82: 228–239 https://doi.org/10.1016/j.tra.2015.10.004.
Chen, Z., Z. Xu, M. Zangui, and Y. Yin. 2016. “Analysis of advanced management of curbside
parking.” Transp. Res. Rec. 2567 (1): 57–66. https://doi.org/10.3141/2567-07.
Chester, M., A. Horvath, and S. Madanat. 2011. “Parking infrastructureFHWA (2016). Revised
Departmental Guidance on Valuation of Travel Time in Economic Analysis.
Memorandum, Sept. 27, 2016. Federal Highway Administration.
https://www.transportation.gov/sites/dot.gov/files/docs/2016%20Revised%20Value%20o
f%20Travel%20Time%20Guidance.pdf.
Cheu, R. L., Gurbuz, O., Balal, E., H. M. Zhang, H. Gao, Y. Zhang (2018). Characterization
of University Parking Systems. Final Report, Contract 69A3551747119, Center for
Transportation, Environment, and Community Health (CTECH), for U.S. Department of
Transportation.
Cheu, R. L. and Ruiz, E. (2021). Exploring the Influence of Carbon Footprint and Health
Benefits in Parking Location Decisions. Final Report, Contract 69A3551747119, Center
for Transportation, Environment, and Community Health (CTECH), for U.S. Department
of Transportation.
College Data. (2018). “College Profile.” College Data Online College Advisor, (Apr. 15, 2018).
Cornell (2021). Transportation and Delivery Services. Cornell University.
https://fcs.cornell.edu/departments/transportation-delivery-services.
GSA (2021). Per Diem Rates. U.S. General Service Administration.
Gurbuz, O., Cheu, R. L. and Ferregut, C. M. (2020). Estimating total demand and
benchmarking base price for student parking on university campuses. Journal of
Transportation Engineering, 146(10), DOI:10.1061/JTEPBS.0000439.
58

Gurbuz, O., Cheu, R. L., & Madrid, D. (2022). Allocation of Student Parking Permits Across a
University Campus Based on Course Registration and Schedule. Journal of
Transportation Engineering, Pasrt A: Systems, 148 (1) 04021103
Gurbuz, O. and Cheu, R. L. (2020). “A Survey to Explore Behavior, Intelligent Transportation
Systems Needs and Level of Service Expectations for Student Parking at a University
Campus”, Transportation Research Record – Journal of the Transportation Research
Board, DOI: 10.1177/0361198119900169.
Gurbuz, O. and Cheu, R. L. (2021). “Zoning and Zone Permit Pricing Methodology for Smart
Parking Management at University Campuses.” IEEE Proceedings of Smart City
Symposium in Prague (SCSP2021), May 26-27, 2021, 1-4.
Kaplan, D. H. 2015. “Transportation sustainability on a university campus.” Int. J. Sustainability
Higher Educ. 16 (2): 173–186. https://doi.org/10.1108/IJSHE-03-2013-0023.
McTish, P., S. Park, and L. Schwarz. 2016. “Efforts in transportation sustainability: Case study
of Villanova University.” In Proc., Int. Conf. on Transportation and Development.
Reston, VA: ASCE.
Minitab (2021). Minitab 19. Minitab Ltd., U.K.
NCES. (2017). “College Navigator.” National Center for Educational Statistics, (Oct. 20, 2017).
Proulx, F., B. Cavagnolo, and M. Torres-Montoya. 2019. “Impact of parking prices and transit
fares on mode choice at the University of California, Berkeley.” Transp. Res. Rec. 2469
(1): 41–48. https://doi.org/10.3141/2469-05.
Riggs, W. 2014. “Dealing with parking issues on an urban campus: The case of UC Berkeley.”
Case Stud. Transp. Policy 2 (3): 168–176. https://doi.org/10.1016/j.cstp.2014.07.009.
Shoup (2018). Parking and the City. Routledge.
Shoup (2018). The Politics and Economics of Parking on Campus. In Parking and the City. Edited
by Shoup, D., pp. 389-402.
Shoup (2018). The High Cost of Parking Requirements. In Parking and the City. Edited by Shoup,
D., pp. 389-402.
STATA (2021). STATA User’s Guide. StataCorp.
Sultana, S. 2015. “Factors associated with students’ parking-pass purchase decisions: Evidence
from an American university.” Transp. Policy 44: 65–75.
https://doi.org/10.1016/j.tranpol.2015.07.002.
Sun, Y.,W. Fan, and P. Schonfeld. 2016. “Static parking choice model with consideration of
parking duration.” Transp. Res. Rec. 2543 (1): 134–142 .https://doi.org/10.3141/2543-15.
UCD (2021). Transportation and Parking Services. University of California at Davis.
https://taps.ucdavis.edu.

59

USDOT. (2016). “Revised Departmental Guidance on Valuation of Travel Time in Economic
Analysis.” U.S. Department of Transportation Memorandum to Secretarial Officers
Modal Administrators, (Feb. 15, 2019).
USF (2021). Parking and Transportation Services. University of South Florida.
https://www.usf.edu/administrative-services/parking/
UTEP (2021). Parking and Transportation Services. The University of Texas at El Paso.
https://www.utep.edu/parking-and-transportation/
Shoup, D. (2005). “Parking on a smart campus.” California Policy Options, 117-149.
Shoup (2018). Parking and the City. Routledge.
Shoup (2018). The Politics and Economics of Parking on Campus. In Parking and the City. Edited
by Shoup, D., pp. 389-402.
Shoup (2018). The High Cost of Parking Requirements. In Parking and the City. Edited by Shoup,
D., pp. 389-402.

60

Apzzpendix - Dual Models STATA Outputs
FSBP-DM3
𝑋 <𝑋

,

, without a constant

𝑋 <𝑋

,

, with a constant

61

𝑋 ≥𝑋

,

, without a constant

𝑋 ≥𝑋

,

, with a constant

62

FSBP-DM6
𝑋 <𝑋

,

, without a constant

𝑋 <𝑋

,

, with a constant

63

𝑋 ≥𝑋

,

, without a constant

𝑋 ≥𝑋

,

, with a constant

64

FSBP-DM8
𝑋 <𝑋

,

, without a constant

𝑋 <𝑋

,

, with a constant

65

𝑋 ≥𝑋

,

, without a constant

𝑋 ≥𝑋

,

, with a constant

66

FSBP-DM11
𝑋

<𝑋

,

, without a constant

𝑋

<𝑋

,

, with a constant

67

𝑋

≥𝑋

,

, without a constant

𝑋

≥𝑋

,

, with a constant

68

FSBP-DM12
𝑋

<𝑋

,

, without a constant

𝑋

<𝑋

,

, with a constant

69

𝑋

≥𝑋

,

, without a constant

𝑋

≥𝑋

,

, with a constant

70

Vita
Rodrigo Garcia was born in El Paso, Texas, and from a young age developed and interest
in engineering. He graduated from the University of Texas at El Paso in the Spring of 2020 with a
Bachelor of Science in Civil Engineering and subsequently proceeded to continue his education to
obtain a master’s degree in Civil Engineering.
He has worked both as an undergraduate and graduate research assistant under the direction
of Dr. Ruey (Kelvin) Cheu in the Border Intermodal Gateway (BIG) Transportation Lab. He has
served as an officer for the UTEP chapters pf the Institute of Transportation Engineers (ITE), and
the Intelligent Transportation Systems (ITS).

Permanent Address: 803 Villas Del Sol Rd
El Paso, Texas, 79927

Contact Information: rgarcia81@miners.utep.edu

71

